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HIGH HARDNESS MARTENSITIC STAINLESS STEEL WITH 
GOOD PITTING CORROSION RESISTANCE 



BACKGROUND ART 

The present invention relates to a high 
hardness inartensitic stainless steel with good pitting 
corrosion resistance suitable for use as materials of 
5 products which require both good corrosion resistance, 
particularly pitting corrosion resistance, and high 
hardness, such as nails, bolts, screws edged tools, 
springs and so on which are used in the open air and 
may be possibly exposed to tap water, rainwater, 
10 condensed dew or the like, including molds for plastic 
molding, parts of plastic injection molding machines, 



Heretofore, carbon steel containing a 
relatively large content of carbon or low-alloy steel 
have seen widespread use as materials of nails, bolts, 
screws edged tools, springs and so on which require 
high hardness. But because the content of alloy 
elements which contribute to corrosion resistance, such 
as Cr, are small in those types of steel, the steel 
tends to easily corrode even when exposed to tap water, 
rainwater, condensed dew or the like that are rela- 
tively less corrosive. The problems of marring an 
appearance and deteriorating the strength have been 
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thus encountered. 

On the other hand, stainless steel is 
employed for applications in which corrosion resistance 
is required. Austenitic stainless steel represented by 
5 SUS304 or SUS316, for example, has good corrosion 
resistance, but shows large work hardening and poor 
cold workability and also exhibits hardness of about 43 
HRC at maximum even when subjected to considerably 
heavy cold working. Therefore, austenitic stainless 

10 steel is not suitable for applications in which high 
hardness is required. Further, ferritic stainless 
steel represented by SUS430, for example, has small 
work hardening and is relatively easy to perform cold 
working, but exhibits very low hardness. Accordingly, 

15 ferritic stainless steel is also not suitable for 
applications in which high hardness is required. 

Meanwhile, martensitic stainless steel is 
known as stainless steel having high hardness. How- 
ever, even SUS410 which is a typical material having 

20 achieved extensive use in the fields of automobiles and 
other industries is not satisfactory in points of 
corrosion resistance and hardness because the corrosion 
resistance does not meet a sufficient level and the 
hardness is about 42 HRC at most. There is SUS440C as 

25 martensitic stainless steel having very high hardness. 
This steel has a C content as high as about 1 % and 
hence shows high hardness not less than 58 HRC, but its 
corrosion resistance is not satisfactory as stainless 



10 



WO 96/21747 PCT/JP96/00017 

- 3 - 

steel. Further, stainless steel is relatively highly 
resistant against corrosion in general, but may locally 
corrode in the form of small pits, i.e., cause so- 
called pitting corrosion, in spite of less corrosion as 
5 a whole. This has raised the problem that the steel is 
apt to cause fracture in high hardness materials 
starting from the corroded pits. 

In addition, Japanese Patent Laid-open No. 
57-70265 proposes a high hardness martensitic stainless 
steel, and Japanese Patent Laid-open No. 6-264194 
proposes a martensitic stainless steel with good 
corrosion resistance and a drilling tapping screw. 

The martensitic stainless steel disclosed in 
Japanese Patent Laid-Open No. 57-70265 contains 1.0 to 
15 3.0 % Cu and not more than 0.2 % Ni with 0.5 to 3.0 % 
Mo added, if necessary. However, this steel has had 
the problem of not surely meeting a satisfactory degree 
of hot workability because the Cu content is large 
although the amount of Ni added is small. Depending on 

of the composition, delta ferrite is apt 
to be formed and, in this case, there is caused the 
problem of deteriorating pitting corrosion resistance. 

Further, the martensitic stainless steel 
proposed in Japanese Patent Laid-Open No. 6-264194 does 
25 not contain Cu, but a relatively large content of Ni 
and Mo. But this steel has the problem that hardness 
after annealing is not sufficiently lowered in a case 
of a single time of annealing treatment because of the 
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high content of Ni. Therefore, the annealing treatment 
is required to be repeated several times, which makes 
the process more complicated. Moreover, the hardness 
even after several repeated steps of annealing treat- 
5 ment is not always as low as satisfiable, which makes 
it difficult to perform heavy cold forming. 

In view of the above, there has been recently 
a demand for a martensitic stainless steel which can be 
readily subjected to hot working and cold forming, and 
10 exhibits both good pitting corrosion resistance and 
high hardness after quenching and tempering. 



DISCLOSURE OF THE INVENTION 

An object of the present invention is to 
provide an inexpensive martensitic stainless steel 
15 which has good hot workability, can be subjected to 
cold forming with no need of complicated annealing 
treatment, and exhibits both good pitting corrosion 
resistance and high hardness after quenching and 
tempering . 

20 The inventors have made intensive studies on 

a martensitic stainless steel containing 13 % Cr with a 
view of achieving good hot workability, good cold 
formability, and both high hardness and good pitting 
corrosion resistance. As a result, the following facts 

25 have been found after quenching and tempering. To 

increase pitting corrosion resistance, adding Cu in a 
small amount is very effective while Mo and N are added 
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as essential elements. Addition of Mo causes delta 
ferrite to easily generate and reduces pitting cor- 
rosion resistance and hot workability, it is therefore 
required to add Ni in a small amount and N in a large 
5 amount for suppressing the generation of adverse delta 
ferrite. Another feature of the present invention is 
to make alloy elements properly balanced such that a 
value A, representing the Cr equivalent, defined by 
Equation (1) below is held low to suppress the genera- 
10 tion of delta ferrite, and a value B defined by 

Equation (2) below is kept high to increase pitting 
corrosion resistance: 



15 



20 



A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N +.11V + 10Ti + 5Nb -..(1) 

* 

(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B = Cr + 3.3MO + 1.65W + Cu + 30N 



(2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 

Of the above alloy elements, addition of Cu 
is effective in improving not only pitting corrosion 
resistance but also cold workability. Prom this point 
of view, it is desired to contain Cu as much as 
possible. But if the Cu content is too large, there 
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would arise a problem of deteriorating hot workability. 

Still another feature of the present 
invention is to, in a 13%Cr high hardness martensitic 
stainless steel containing elements which tend to 
5 deteriorate hot workability, such as Mo and N, add both 
Ni and Cu in respective particular ranges while meeting 
the relationship of Ni/Cu > 0.2 for a content ratio of 
Ni to Cu, so that satisfactory hot workability can also 
be achieved in addition to good pitting corrosion 

10 resistance and cold workability. 

Still another feature of the present inven- 
tion is to add N in a large amount while maintaining 
the C content in a relatively low appropriate range in 
order to achieve high hardness without reducing the 

15 pitting corrosion resistance. 

Specifically, a first aspect of the present 
invention resides in a high hardness martensitic 
stainless steel with good pitting corrosion resistance, 
the steel consisting essentially, by weight, of more 

20 than 0.15 % but not more than 0.40 % C, not more than 
2.0 % Si, not more than 2.0 % Mn, not less than 11.0 % 
but less than 15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in 
terms of Mo + 1/2 W, 0.02 to 0.15 % N, 0.1 to 1.5 % Ni, 
0.1 to 2.0 % Cu, and the balance iron, Ni and Cu being 

25 contained in ranges meeting a relationship expressed by 
Equation (3) below, a value A defined by Equation (1) 
below being not more than 10, a value B defined by 
Equation (2) below being not less than 20: 
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A * - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb •••(!) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B - Cr + 3.3Mo + 1.65W + Cu + 30N --.(2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 



Ni / Cu > 0.2 „. (3 ) 



As preferable composition/ the high hardness 
martensitic stainless steel with good pitting corrosion 
resistance according to the first aspect of the present 
invention consists essentially, by weight , of more than 
0.15 % but not more than 0.40 % C, not more than 2.0 % 
Si, not more than 2.0 % Mn, more than 0.2 % but not 
more than 1.0 % Ni, not less than 11.0 % but less than 
15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 
1/2 W, not less than 0.1 % but less than 1.0 % Cu, 0.02 
to 0.15 % N, and the balance iron, a value A defined by 
Equation (1) below being not more than 10, a value B 
defined by Equation (2) below being not less than 20: 

A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb •••(!) 
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(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 

B ■ Cr + 3.3MO + 1.65W + Cu + 30N •••(2) 

(where the value B is calculated by setting those ones 
5 of selective elements which are not added to be zero) 

As more preferable composition, the high 
hardness martensitic stainless steel with good pitting 
corrosion resistance according to the first aspect of 
the present invention consists essentially, by weight, 

10 of 0.20 to 0.35 % C, not more than 2.0 % Si, not more 

than 2.0 % Mn, 0.3 % to 0.75 % Ni, not less than 11.0 % 
but less than 15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in 
terms of Mo + 1/2 W, not less than 0.1 % but less than 
1.0 % Cu, 0.02 to 0.15 % N, and the balance iron, a 

15 value A defined by Equation (1) below being not more 

than 10, a value B defined by Equation (2) below being 
not less than 20: 

A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + 10Ti + 5Nb •••(!) 

20 (where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B = Cr + 3.3Mo + 1.65W + Cu + 30N 



...(2) 
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(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 

A second aspect of the present invention 
resides in a high hardness martensitic stainless steel 
5 with good pitting corrosion resistance, the steel 

consisting essentially, by weight, of more than 0.15 % 
but not more than 0.40 % C, not more than 2.0 % Si, not 
more than 2.0 % Mn, not less than 11.0 % but less than 
15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 
1/2 W, 0.02 to 0.15 % N, 0.1 to 1.5 % Ni, 0.1 to 2 % 
Cu, in total not more than 0.25 % at least one selected 
from the group consisting of V, Ti and Nb, and the 
balance iron, Ni and Cu being contained in ranges 
meeting a relationship expressed by Equation (3) below, 
a value A defined by Equation (1) below being not more 
than 10, a value B defined by Equation (2) below being 
not less than 20: 



10 
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20 



- 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb ...(1) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B = Cr + 3.3Mo + 1.65W + Cu + 30N 



• • • 



(2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 
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Ni / Cu > 0.2 ... (3 ) 



As preferable composition, the high hardness 
martensitic stainless steel with good pitting corrosion 
resistance according to the second aspect of the 
5 present invention consists essentially, by weight, of 
more than 0.15 % but not more than 0.40 % C, not more 
than 2.0 % Si, not more than 2.0 % Mn, more than 0.2 % 
but not more than 1.0 % Ni, not less than 11.0 % but 
less than 15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in 

10 terms of Mo + 1/2 W, not less than 0.1 % but less than 
1.0 % Cu, 0.02 to 0.15 % N, in total not more than 0.25 
% at least one selected from the group consisting of V, 
Ti and Nb, and the balance iron, a value A defined by 
Equation (1) below being not more than 10, a value B 

15 defined by Equation (2) below being not less than 20: 

A - - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb •••(!) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



20 B - Cr + 3.3MO + 1.65W + Cu + 30N - — (2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 

As more preferable composition, the high 
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hardness martensitic stainless steel with good 
corrosion resistance according to the second aspect of 
the present invention consists essentially, by weight, 
of 0.20 to 0.35 % C, not more than 2.0 % Si, not more 
5 than 2.0 % Mn, 0.3 to 0.75 % Ni, not less than 11.0 % 
but less than 15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in 
terms of Mo + 1/2 W, not less than 0.1 % but less than 
1.0 % Cu, 0.02 to 0.15 % N, in total not more than 0.25 
% one or two or more of V, Ti and Nb, and the balance 
iron, a value A defined by Equation (1) below being not 
more than 10, a value B defined by Equation (2) below 
being not less than 20: 



A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb • -.(1) 

(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 

B = Cr + 3.3MO + 1.65W + Cu + 30N --.(2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 

In addition to the above composition, the 
stainless steel according to any of the first and 
second aspects of the present invention and the 
preferable ones thereof may further contain in total 
not more than 0.10 % at least one selected from the 
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group consisting of B, Mg, Ca and Al f if necessary , 
as well as not more than 5 % Co for the purpose of 
increasing the strength after quenching and tempering. 

In the stainless steel of the present inven- 
5 tion having any one of the above compositions, prefer- 
ably, hardness after quenching and tempering is not 
less than 50 HRC, and a pitting electric potential 
V e ' 100 in degassed 3.5 % salt water at 30 °C is not less 
than 150 mV (vs S.C.E.). These characteristics can be 

10 achieved with any of the above-stated novel composi- 
tions according to the present invention. 

On the other hand, the stainless steel of the 
present invention is also featured in that hardness can 
be reduced down to a sufficiently low level by rela- 

15 tively simple annealing of a single time. Generally, 
when carrying out, in particular, cold forming such as 
cold drawing, cold rolling, cold forging, thread 
rolling and cold bending, hardness after annealing is 
required to be not more than 250 HV. Conventional 

20 similar steel has had a difficulty in reducing hardness 
after annealing down to be not more than 300 HV, pre- 
ferably not more than 250 HV, unless the annealing step 
is repeated several times, and has required complicated 
heat treatment. In the steel of the present invention, 

25 hardness after annealing can be reduced down to be not 
more than 300 HV by performing a single time of 
annealing at 700 to 890 °C. Particularly, when an 
upper limit of Ni is not more than 1.0 %, hardness 
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after annealing can be reduced down to be not more than 

V 

250 HV. 
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THE BEST MODE FOR CARRYING OUT THE INVENTION 

The functions of various elements contained 
in the stainless steel of the present invention will be 
described below. 

C is essential to obtain the martensite 
structure after quenching of a 13%Cr stainless steel. 
Also, C combines with carbide-forming elements to form 
carbides, and a part thereof is in a solid-solution 
state in martensite matrix to effectively increase 
hardness. But if C is added in excess of 0.40 %, a 
carbide of Cr would be formed in a too large amount and 
the Cr content in the matrix would be so reduced as to 
15 deteriorate corrosion resistance. On the other hand, 
if the C content is not more than 0.15 %, not only a 

degree of hardness would not be obtained, 
but also pitting corrosion resistance and hot worka- 
bility would be reduced due to generation of delta 
ferrite. Therefore, the C content is set to be more 
than 0.15 % but not more than 0.40 %. A preferable 
range of C is 0.20 to 0.35 %. 

Si and Mn are added in a small amount for 
deoxidization. Even if Si and Mn are added in excess 
25 of 2.0 %, the effect of further improving deoxidization 
would not be found. Therefore, the content of each of 
these elements is set to be not more than 2.0 %. 



20 
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Further, because Si is an element which tends to 
generate ferrite and Mn is an element which tends to 
generate the austenite structure, the matrix structure 
is affected more or less even with a small amount of 
5 these elements. For that reason, Si and Mn are each 
preferably kept not more than 1.0 %. 

Ni is an element which serves to suppress the 
generation of delta ferrite to improve pitting corro- 
sion resistance and is particularly effective in 
10 preventing a reduction in hot workability from occur- 
ring due to addition of Cu described later. Therefore, 
Ni is required to be added depending on the content of 
Cu added. 

In the 13%Cr high hardness martensitic stain- 
15 less steel of the present invention containing, in 

addition to Cu, other elements which tend to deterio- 
rate hot workability, such as Mo and N, it is 
particularly required to not only restrict a value of 
Ni/Cu to be more than 0.2, preferably not less than 
20 0.3, but also limit the Ni content from the reason 

below. If Ni is less than 0.1 %, the sufficient effect 
can not be obtained. But if Ni is added in excess of 
1.5 %, the martensitic transformation point is lowered, 
making it hard to produce the perfect martensite 
25 structure after quenching, and hardness after annealing 
is increased, thereby deteriorating cold workability. 
Therefore, the Ni content is set to be 0.1 to 1.5 %. A 
preferable range of Ni is more than 0.2 % but not less 
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than 1.0 %, and a more preferable range of Ni is 0.3 to 
0.75 %. 

Cr is an important element which has an 
effect of increasing corrosion resistance , particu- 
5 larly, pitting corrosion resistance, by forming a 
passive surface film. If Cr is less than 11.0 %, a 
sufficient degree of corrosion resistance can not be 
obtained. But if Cr is added in excess of 15.0 %, 
delta ferrite is generated, thereby deteriorating 
10 pitting corrosion resistance and hot workability. 

Therefore, the Cr content is set to be not less than 
11.0 % but less than 15.0 %. A preferable range of Cr 
is 13.0 to 14.0 %. 

Mo is added in the steel of the present 
15 invention as an essential element because it is very 
effective in stabilizing a passive surface film and 
hence increasing pitting corrosion resistance. As with 
Mo, W is also effective in increasing pitting corrosion 
resistance, but a resultant effect is small when W is 
20 added alone. It is preferred that when W is added, a 
part of Mo is replaced by an equivalent amount of W 
(1/2 W corresponding to an equivalent amount of Mo). 
If Mo alone or both Mo and W are less than 1.0 % in 
terms of Ho + 1/2 W, pitting corrosion resistance is 
25 deteriorated. But if Mo or Mo and W are added in 

excess of 3.0 %, delta ferrite is generated, thereby 
deteriorating pitting corrosion resistance on the 
contrary and hot workability as well. Therefore, the 



WO 96/21747 PCT/JP96/00017 

- 16 - 

content of Mo or Mo and W is set to be 1.0 to 3.0 %. A 
preferable range is 1.5 to 2.5 %. 

Cu is an element which is very effective in 
greatly increasing pitting corrosion resistance when 
5 added in a small amount in the steel containing Cr, Mo 
and N. If Cu is less than 0.1 %, a sufficient effect 
can not be obtained. But if Cu is added in excess of 
2.0 %, not only hot workability is deteriorated, but 
also a sufficient degree of hardness can not be 

10 obtained after quenching. Therefore, the Cu content is 
set to be 0.1 to 2.0 t. A preferable range of Cu is 
not less than 0.1 % but less than 1.0 %, and a more 
preferable range of Cu is 0.2 to 0.8 %. 

Incidentally, even if the Cu content is not 

15 more than 2.0 %, there still exists a range where hot 
workability is not sufficient. As stated above in 
connection with the reason of limiting Ni, therefore/ 
it is required to limit Cu such that the relationship 
between Ni and Cu meets Ni/Cu > 0.2, preferably not 

20 less than 0.3. 

N is an element which is in a solid-solution 
state in martensite matrix to increase hardness after 
quenching, and is also very effective in increasing 
pitting corrosion resistance. Further, since N has an 
25 effect of suppressing the generation of delta ferrite, 
adding N in place of Ni is effective in saving an 
expensive alloy element such as Ni and producing a 
steel material inexpensively, while suppressing the 
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generation of delta ferrite. If n is less than 0.02 %, 
a sufficient effect can not be obtained. But if N is 
added in excess of 0.15 %, soundness of a steel ingot 
is impaired and manufacturability is deteriorated. 
5 Therefore, the N content is set to be 0.02 to 0.15 %. 
A preferable range of N is 0.05 to 0.15 %. 

V, Ti and Nb are elements which are not 
necessarily added, but are effective in forming primary 
carbides and making pre-austenite grain size smaller to 
thereby improve hardness and ductility. Therefore, one 
or two or more of V, Ti and Nb are added as required. 
If one or two or more of V, Ti and Nb are added in 
excess of 0.25 % in total, coarse primary carbides are 
formed and cold workability is deteriorated. Thus, the 
15 content of one or two or more of V, Ti and Nb is 

preferably set to be not more than 0.25 % in total. 

B, Mg, Ca and Al are elements which are not 
necessarily added, but are effective in forming oxides 
and sulfides and reducing S, O segregated in the pre- 
austenite grain boundary, to thereby improve hot work- 
ability. Therefore, one or two or more of B, Mg, Ca 
and Al are added as required. Even if one or two or 
more of B, Mg, Ca and Al are added in excess of 0.10 % 
in total, a resultant effect can not be further 
25 increased, but cleanness would be lowered on the 

contrary, thereby deteriorating hot and cold work- 
ability. Thus, the content of one or two or more of B, 
Mg, Ca and Al is preferably set to be not more than 
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0.10 % in total. 

To achieve good pitting corrosion resistance, 
the above-mentioned alloy elements are required to not 
only meet the respective ranges of their contents, but 
5 also meet Equations specified for the steel of the 

present invention. The value A expressed by Equation 
(1) represents the Cr equivalent in the steel of the 
present invention, and the magnitude of the value A is 
an important index affecting whether or not delta 
10 ferrite is apt to form. The value A is given by 

subtracting values calculated by multiplying weight % 
of C, Mn, Ni, Cu and N, which are elements tending to 
form austenite, by coefficients which are experimental- 
ly determined depending on the effects of those 
15 elements, respectively, from values calculated by 

multiplying weight % of Cr, Si, Mo, W, V, Ti and Nb, 
which are elements tending to form ferrite, by 
coefficients which are experimentally determined 
depending on the effects of those elements, respec- 
20 tively. As a result of experiments, it has been found 
in the steel of the present invention that if the value 
A exceeds 10, delta ferrite is formed, pitting corro- 
sion resistance is greatly deteriorated, and further 
hot workability and hardness after quenching are 
25 reduced. Therefore, the value A expressed by Equation 
(1) is set to be not more than 10. 

The value B expressed by Equation (2) is an 
important index affecting pitting corrosion resistance 



10 



20 
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of the steel of the present invention, and is given by 
the sun of values calculated by multiplying weight % of 
Cr, Mo, W, Cu and N, which are elements directly 
contributing to an improvement in pitting corrosion 
5 resistance, by coefficients which are experimentally 
determined depending on contributions of the effects of 
those elements, respectively. In the steel of the 
present invention, if the value B is less than 20, good 
pitting corrosion resistance can not be obtained. 
Therefore, the value B expressed by Equation (2) is set 
to be not less than 20. 



In addition to the elements mentioned above, 
not more than 5 % by weight Co may be added to the 
steel of the present invention. 
15 Co is in a solid-solution state in the matrix 

to increase hardness after quenching and tempering. 
However, Co is not required to be added in a large - 
amount because it is an expensive element. 

For P and S as impurity elements, no problems 
occur if these elements are present at a mixed level 
that is inevitable in the ordinary melting process and, 
therefore, no particular limitations are imposed upon P 
and S. From the standpoint of pitting corrosion 
resistance, the contents of these elements are prefer- 
25 ably as low as possible. 

Reasons of restricting characteristic values 
of the steel of the present invention will be described 
below. 
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By carrying out quenching and tempering in an 
appropriate manner, the steel of the present invention 
can provide higher hardness than a cold working 
material of SUS304 and a quenched and tempered material 
5 of SUS410. Particularly, when steel is used for nails, 
screws bolts, edged tools, springs and so on, the steel 
is required to have hardness not less than 50 HRC for 
causing these products to fully develop their own 
abilities. The steel of the present invention can have 

10 hardness not less than 50 HRC by quenching it at 
temperature not lower than about 1000 °C and then 
performing low- temperature tempering not higher than 
about 300 °C or high-temperature tempering at about 400 
to 500°C. Incidentally, in a case where serious 

15 attention is taken on delay fracture resistance in 
screws, nails, bolts, etc., it is also possible to 
reduce hardness by selecting a proper tempering tempe- 
rature . 

Further, by carrying out quenching and 
20 tempering in an appropriate manner, the steel of the 
present invention can provide good pitting corrosion 
resistance while maintaining high hardness. A pitting 
electric potential is one of known indices representing 
a degree of pitting corrosion resistance. In order 
25 that steel shows good pitting corrosion resistance even 
when used for members, parts, tools and so on which are 
used in the open air and may be possibly exposed to tap 
water, rainwater, condensed dew or the like, the steel 
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is required to have a pitting electric potential V c ' 100 
not less than 150 xnV (vs S.C.E.) in degassed 3.5 % salt 
water at 30 °C. The steel of the present invention can 
have V c r 100 not less than 150 mV (vs S.C.E. ) by quench- 
5 ing it at temperature not lower than about 1000 °C and 
then performing low-temperature tempering not higher 
than about 300 °C. Here, the term "pitting" means one 
form of corrosion that small pits are caused like 
dispersed dots on the steel surface and that is often 

■ 

10 observed in stainless steel. The occurrence of pitting 
not only impairs an appearance, but also may lead to 
fracture starting from the corroded pits. 

The pitting electric potential is measured in 
accordance with the measurement method specified in JIS 
15 G0577 as a process for electrochemical corrosion 
evaluation and test. In other words, the pitting 
electric potential is determined as a potential V c ' 1<K j 
resulted when current density becomes 100 nA/cm 2 . 

The above-stated characteristic values can be 
provided in a suitable combination depending on uses by 
appropriately selecting the manufacture method for the 
steel of the present invention, particularly the condi- 
tions of heat treatment. By way of example, for nails, 
screws bolts, edged tools, springs and so on which are 
25 subjected to heat treatment after cold forming, it is 
possible to provide the steel with required low hard- 
ness after annealing not more than 250 HV and required 
high hardness after quenching and tempering not less 



20 
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than 50 HRC, and if there is a fear of pitting 
corrosion , it is possible for the steel to have a high 
pitting electric potential not less than 150 mV (vs 

S • C • E • ) • 

5 For screws, bolts, edges tools and so on 

which are formed by machining without cold forming, a 
combination of high hardness after quenching and 
tempering and a high pitting electric potential can be 
achieved by performing low- temperature tempering. 

10 Further, when the steel is used for tools such as 

molds, only high hardness after quenching and tempering 
is required depending on applications. Also, when the 
steel is used for tools which may be exposed to high 
temperature not less than about 300 °C, only high hard- 

15 ness after quenching and tempering is required. In 
those cases, only high hardness after quenching and 
tempering can be achieved by performing high- 
temperature tempering at about 400 to 500 °C, for 
example . 

20 [Examples] 

The present invention will be described below 
in connection with Examples. Steels having chemical 
compositions listed in Tables 1 and 2 were melted by 
vacuum melting and a 10 kg ingot was obtained for each 
25 steel. In the Tables , steels Nos. 1 to 38 each have 
the composition, the value A, the value B r and the 
Ni/Cu ratio all of which falls within the ranges 
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limited according to the present invention , i.e., 
represent the inventive steel, whereas steels Nos. 40 
to 52 are comparative steels in each of which one or 
more of the composition, the value A, the value B and 
5 the Ni/Cu ratio are out of the ranges limited according 
to the present invention. 

Each ingot was formed into a 30 mm square bar 
by hot working, which was heated to 860 °C and then 
subjected to annealing under furnace cooling. There- 
after, the bar was heated to 1050°C, was kept at that 
temperature for 30 minutes, and then subjected to 
quenching by oil cooling. Subsequently, tempering was 
carried out at 180 °C for 1 hour. 



10 



20 



Hardness after annealing was measured by a 
15 Vickers hardness tester, and hardness after quenching 
and tempering was measured by a Rockwell hardness 
tester. For pitting corrosion resistance, the measure- 
ment was made in degassed 3.5 % salt water at 30°C in 
accordance with JIS G0577 and the potential V c ' xoo 
resulted when current density becomes 100 uA/cm 2 was 
determined as a pitting electric potential. Hot 
workability was evaluated by giving a mark x for the 
steel which caused cracks in the surface or corners 
during hot working, and a mark o for the steel which 
25 caused no cracks. Results of the evaluation are listed 
in Table 3. 
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Table 3 



Alloy 
Mo. 


Hardness 
after 

qusncning 

and 
tempering 
(HRC) 


Pitting 
Electric 

ruuentidx 

(mV VS 
S.C.E.) 


Hardness 
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As will be seen from Table 3, each of the 
inventive steels Nos. 1 to 38 has high hardness after 
quenching and tempering not less than 50 HRC and also 
has a high pitting electric potential V c ' 100 not less 
5 than 150 mV (vs S.C.E.). This means that the inventive 
steels each have both good pitting corrosion resistance 
and high hardness. It will be also seen that, except 
for the steels Nos. 18 and 19 , the inventive steels 
Nos. 1 to 38 have hardness after annealing not more 
10 than 250 HV and hence can be sufficiently formed by 
cold working. Although the steels Nos. 18 and 19 
contain Ni in an amount near an upper limit of the 
allowable range and have relatively high hardness after 
annealing, the hardness after annealing is not more 
15 than 300 HV and light cold working can be performed. 

Accordingly, in the case of not requiring cold working 
with a large cold reduction, the steels Nos. 18 and 19 
are also satisfactorily usable as with the other 
inventive steels because of showing good pitting 
20 corrosion resistance and high hardness after quenching 
and tempering. 

Further, each of the inventive steels Nos. 1 
to 38 has so good hot workability that desired mate- 
rials can be satisfactorily manufactured through a hot 
25 working process such as hot forging and hot rolling. 

On the contrary, for the comparative steels 
Nos. 40 to 52 in each of which one or more of the com- 
position, the value A, the value B and the Ni/Cu ratio 
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are out of the ranges limited according to the present 
invention, it will be seen that one or more of charac- 
teristics, i.e., hardness after quenching and temper- 
ing, pitting corrosion resistance, hardness after 
5 annealing, and hot workability, are inferior to the 
inventive steel* 

Particularly, for the comparative steels Nob. 
40 to 45, 47 and 48 in which one or both of the values 
A and B are deviated from the limited ranges, the 

10 pitting electric potential has a low value and pitting 
corrosion resistance is not sufficient. Also, for the 
comparative steels Nos. 43, 47 and 49 in which the 
Ni/Cu ratio is low, and for the comparative steels Nos. 
49 and 50 in which the Cu content is high, hot work- 

15 ability is poor and hence manufacturability of mate- 
rials is poor. Further, for the comparative steels 
Nos. 46, 51 and 52 in which the Ni content is high, - 
hardness after annealing is higher than 300 HV and cold 
workability is poor, resulting in reduced workability 

20 of materials, parts, members and so on. 

INDUSTRIAL APPLICABILITY 

As described above, the martens i tic stainless 
steel of the present invention has good hot work- 
ability, low hardness after annealing, good pitting 
25 corrosion resistance and high hardness after quenching 
and tempering. It is also possible to provide the 
steel of the present invention with those four 
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characteristics in a suitable combination. Therefore , 
when the inventive steel is used for parts, members, 
tools and so on which are used in the open air and may 
be possibly exposed to tap water, rainwater, condensed 
5 dew or the like, reliability and service life can be 
greatly improved while keeping the cost relatively low* 
As a result, the present invention provides a remark- 
able effect from the industrial point of view. 
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CLAIMS 



10 



15 



20 



1 * A high hardness martensitic stainless steel 

with good pitting corrosion resistance, said steel 
consisting essentially, by weight, of more than 0.15 % 
but not more than 0.40 % C, not more than 2.0 % Si, not 
more than 2.0 % Mn, not less than 11.0 % but less than 
15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 
1/2 W, 0.02 to 0.15 % N, 0.1 to 1.5 % Ni, 0.1 to 2.0 % 
Cu, and the balance iron, Ni and Cu being contained in 
ranges meeting a relationship expressed by Equation (3) 
below, a value A defined by Equation (1) below being 
not more than 10, a value B defined by Equation (2) 
below being not less than 20: 



A » - 40C + 6S1 - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + 10Ti + 5Nb -..(1) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B - Cr + 3.3MO + 1.65W + Cu + 30N 



• • • 



(2) 



(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 



Ni / Cu > 0 . 2 • • . ( 3 ) 
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2. A high hardness martensitic stainless steel 

with good pitting corrosion resistance, said steel 
consisting essentially, by weight, of more than 0.15 % 
but not more than 0.40 % C, not more than 2.0 % Si, not 
5 more than 2.0 % Mn, more than 0.2 % but not more than 
1.0 % Ni, not less than 11.0 % but less than 15.0 % Cr, 
1.0 to 3.0 % Mo or Mo and w in terms of Mo + 1/2 W, not 
less than 0.1 % but less than 1.0 % Cu, 0.02 to 0.15 % 
N, and the balance iron, a value A defined by Equation 
10 (1) below being not more than 10, a value B defined by 
Equation (2) below being not less than 20: 

A - - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb •••(!) 

(where the value A is calculated by setting those ones 
15 of selective elements which are not added to be zero) 

B = Cr + 3.3MO + 1.65W + Cu + 30N •••(2) 

(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero). 
3. A high hardness martensitic stainless steel 

20 with good pitting corrosion resistance, said steel 

consisting essentially, by weight, of 0.20 to 0.35 % C, 
not more than 2.0 % Si, not more than 2.0 % Mn, 0.3 % 
to 0.75 % Ni, not less than 11.0 % but less than 15.0 % 
Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 1/2 W, 
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not less than 0.1 % but less than 1.0 % Cu, 0.02 to 
0.15 % N, and the balance iron, a value A defined by 
Equation (1) below being not more than 10, a value B 
defined by Equation (2) below being not less than 20: 

5 A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb '--(I) 

(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 

B - Cr + 3.3MO + 1.65W + Cu + 30N •♦•(2) 

10 (where the value B is calculated by setting those ones 
of selective elements which are not added to be zero). 
4. A high hardness martensitic stainless steel 

with good pitting corrosion resistance, said steel 
consisting essentially, by weight, of more than 0.15 % 

15 but not more than 0.40 % C, not more than 2.0 % Si, not 
more than 2.0 % Mn, not less than 11.0 % but less than 
15.0 % Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 
1/2 W, 0.02 to 0.15 % N, 0.1 to 1.5 % Ni, 0.1 to 2 % 
Cu, in total not more than 0.25 % at least one selected 

20 from the group consisting of V, Ti and Nb, and the 
balance iron, Ni and Cu being contained in ranges 
meeting a relationship expressed by. Equation (3) below, 
a value A defined by Equation (1) below being not more 
than 10, a value B defined by Equation (2) below being 
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not less than 20: 

A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb • --(1) 

(where the value A is calculated by setting those ones 
5 of selective elements which are not added to be zero) 

B *= Cr + 3.3Mo + 1.65W + Cu + 30N •••(2) 

(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero) 

Ni / Cu > 0 . 2 . . . ( 3 ) . 

10 5. A high hardness martensitic stainless steel 

with good pitting corrosion resistance, said steel 
consisting essentially, by weight, of more than 0.15 % 
but not more than 0,40 % C, not more than 2.0 % Si, not 
more than 2.0 % Mn, more than 0.2 % but not more than 

15 1.0 % Ni, not less than 11.0 % but less than 15.0 % Cr, 
1.0 to 3.0 % Mo or Mo and W in terms of Mo + 1/2 W, not 
less than 0.1 % but less than 1.0 % Cu, 0.02 to 0.15 % 
N, in total not more than 0.25 % at least one selected 
from the group consisting of V, Ti and Nb, and the 

20 balance iron, a value A defined by Equation (1) below 
being not more than 10, a value B defined by Equation 
(2) below being not less than 20: 



WO 96/21747 PCT7JP96/00017 

- 41 - 

A - - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb •••(!) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 



B - Cr + 3.3MO + 1.65W + Cu + 30N •••(2) 



(where the value D is calculated by setting those ones 
of selective elements which are not added to be zero ) • 
6 * A high hardness martensitic stainless steel 

with good pitting corrosion resistance, said steel 

10 consisting essentially, by weight, of 0.20 to 0.35 % C, 
not more than 2.0 % Si, not more than 2.0 % Mn, 0.3 to 
0.75 % Ni, not less than 11.0 % but less than 15.0 % 
Cr, 1.0 to 3.0 % Mo or Mo and W in terms of Mo + 1/2 W, 
not less than 0.1 % but less than 1.0 % Cu, 0.02 to 

L5 0.15 % N, in total not more than 0.25 % at least one 

selected from the group consisting of V, Ti and Nb, and 
the balance iron, a value A defined by Equation (1) 
below being not more than 10, a value B defined by 
Equation (2) below being not less than 20 t 

!0 A - - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 11V + lOTi + 5Nb ••♦(!) 



(where the value A is calculated by setting those ones 
of selective elements which are not added to be zero) 
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B = Cr + 3.3MO + 1.65W + Cu + 30N •••(2) 

(where the value B is calculated by setting those ones 
of selective elements which are not added to be zero). 
7 * A high hardness martensitic stainless steel 

5 with good pitting corrosion resistance wherein , in 

addition to the steel composition according to any one 
of Claims 1 to 6, said steel contains in total not more 
than 0.10 % at least one selected from the group 
consisting of B, Mg, Ca and Al. 
10 8 • A high hardness martensitic stainless steel 

with good pitting corrosion resistance according to any 

one of Claims 1 to 7 f wherein hardness after quenching 

and tempering is not less than 50 HRC. 

9 * A high hardness martensitic stainless steel 

15 with good pitting corrosion resistance according to any 

one of Claims 1 to 8, wherein a pitting electric 

potential V c ' 100 in degassed 3.5 % salt water at 30 °C 

is not less than 150 mV (vs S.C.E.). 

10 • A high hardness martensitic stainless steel 

20 with good pitting corrosion resistance according to any 

one of Claims 1 to 9, wherein hardness after one step 

of annealing at 700 to 890 °C is not more than 250 HV. 
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